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PREFACE 


This  report  discusses  a  portion  of  the  research  instrumentation 
developed  since  November  1962  in  conjunction  with  USA  CRREL  project, 
Fog  visibility  and  snow  studies.  The  work  was  done  under  the  super¬ 
vision  of  Dr.  R.  W.  Gerdel,  Chief,  Environmental  Research  Branch, 
and  Mr.  James  A.  Bender,  Chief,  Research  Division. 

The  impactors  described  were  constructed  in  USA  CRREL's 
machine  shop  by  personnel  of  the  Measurement  Systems  Research 
Branch,  Mr.  William  Parrott,  Chief. 
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SUMMARY 

Two  models  of  impactors  have  been  designed  for  remote  sampling 
of  hydrometeors.  One.  a  flashbulb-activated  model,  is  quite  suitable 
for  multiple  simultaneous  sampling,  but  is  prone  to  occasional 
mechanical  failure.  The  other,  a  solenoid-operated  model,  is  almost 
failure  proof  but  requires  considerably  more  electrical  current  for 
multiple  simultaneous  sampling  than  does  the  flash  type  unit. 

Results  of  some  laboratory  tests  on  the  impactors  are  shown  and 
field  use  of  the  impactors  is  discussed. 

The  appendix  contains  electrical  specifications  for  each  type  of  unit. 
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INTRODUCTION 

The  measurement  of  size  and  mass  distribution  of  fog  and  cloud  droplets  is  an 
important  adjunct  to  studies  of  visibility  and  weather  modification.  The  problems 
of  reduced  visibility  and  weather  modification  have  many  obvious  implications, 
both  military  and  civil.  Methods  and  techniques  for  sampling  fog  droplets  have 
been  improved  by  many  scientists:  Houghton  and  Radford  (1938),  Weickmann  and 
aufm  Kampe  (1953),  Keily  (1960),  May  (1961),  Edwards  and  Evans  (1961),  and 
MacCready  and  Todd  (1964).  However,  an  improved  type  of  impactor  would  be 
valuable  in  many  phases  of  the  research  conducted  by  the  Environmental  Research 
Branch  of  USA  CRREL,  including  studies  of  the  nucleation  and  growth  of  fog  and 
cloud  droplets  (and  crystals),  and  visibility  and  weather  modification  (including 
fog  and  cloud  dispersion)  in  cold  regions. 

This  paper  presents  a  discussion  of  new  electrically-operated  hydrometecr 
samplers  of  the  impactor  type  which  have  been  designed  and  subsequently  modified 
by  the  authors  (Fig.  1).  These  impactors  were  constructed  in  the  machine  shop 
at  USA  CRREL  and  field-tested  in  Alaska  and  Greenland.  Electrical  specifications, 
given  in  Appendix  A,  apply  specifically  to  impactors  presently  in  use  at  USA  CRREL; 
however,  this  information  may  be  readily  converted,  almost  in  its  entirety,  to 
apply  to  any  units  of  reasonably  similar  construction. 


DESIGN  OF  THE  IMPACTORS 

A  primary  consideration  in  the  design  of  the  new  impactors  was  the  desira¬ 
bility  of  quantitative  sampling  of  fog  droplets  and  ice  fog  crystals  (2p  to  200 ^  diam) 
at  various  heights,  e.g. ,  from  a  tethered  blimp  or  small  rocket.  The  impactors 
(Fig.  1,  2,  3)  consist  essentially  of  a  cylindrical  set  of  aluminum  chambers, 
connected  in  tandem  by  threaded  joints.  There  are  three  general  types  of 
chambers:  impactor  stages,  valving  sections  and  vacuum  chambers.  In  operation, 
impinging  discs  (collector  plates)  are  placed  on  holders  in  the  impactor  stage  and 
the  vacuum  chamber  evacuated.  Energizing  the  valve  allows  the  intake  of  air 
through  the  impactor  stage,  to  equalize  the  pressure  in  the  vacuum  chamber.  In 
passing  through  the  impactor  stage,  droplets  and/or  cyrstals  impinge  upon  the 
collector  plates  and  are  collected  in  a  drop  of  silicone  oil  or  on  a  sensitized  film.. 

The  impactor  stages  are  of  relatively  conventional  design.  Each  impinging 
disc  holder  is  machined  in  the  shape  of  a  symmetrical  cross  with  a  central  portion 
which  is  recessed  to  receive  a  10-mm  microscope  cover  glass.  The  radial  ends 
of  the  cross  and  the  inner  wall  of  the  impactor  chamber  are  threaded  so  that  the 
distance  between  impinging  disc  and  intake  aperture  may  be  adjusted. 

Two  types  of  valving  mechanism  have  been  employed  in  these  impactors.  The 
first  model  (Fig.  la,  2)  has  been  briefly  described  in  connection  with  its  use  in 
ice  fog  studies  (Kumai  and  O'Brien,  1965).  In  this  model,  the  valving  chamber  is 
sealed  off  from  the  vacuum  chamber  by  a  brass  diaphragm  with  a  7-mm  hole  in 
its  center.  Closure  of  the  vacuum  chamber  is  completed  by  ptacing  a  microscope 
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Figure  2.  Flash-valve  impactor. 


cover  glass  over  this  hole  and  sealing  it  with  vacuum  grease.  The  valving  device 
consists  of  a  spring-loaded  plunger  which,  when  cocked,  is  poised  above  the  cover 
glass  which  seals  the  vacuum  chamber.  The  cocked  plunger  is  held  in  check  by 
an  AG- 1  flashbulb  (with  plastic  coating  removed).  Delivery  of  less  than  \  amp  to 
the  flashbulb  causes  the  bulb  to  shatter,  releasing  the  plunger.  The  plunger 
pierces  the  microscope  cover  glass  allowing  the  intake  of  air  to  the  vacuum  chamber. 
This  type  of  impactor  also  requires  that  the  vacuum  chamber  be  fitted  with  a 
needle  valve  through  which  the  chamber  may  be  evacuated.  Although  unconventional, 
this  valve  has  one  definite  advantage:  multiple  units  may  be  connected  in  parallel 
and  fired  sim  Itaneously*  with  a  very  low  current.  Fot  example,  four  flash  valves 
could  be  fired  simultaneously  at  different  heights  (e,  g. ,  40,  60,  80  and  100  m)  with 
an  applied  voltage  of  less  than  6,0  volts  d  c  (see  App.  A).  This  feature  can  be 
important  in  field  research  where  multiple  simultaneous  samples  are  desired  but 
current  available  at  the  impactcrs  is  low  because  of  long  leads,  weight  restrictions 


♦Note  t  This  would  actually  result  in  a  sequential  sampling,  but  would  occur  so 
rapidly  as  to  be  considered  simultaneous  for  most  purposes. 
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Figure  i.  Solenoid  impactor 
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on  wire  diameter  (as  in  blimp  operations),  or  limitation  to  low  voltage  source*. 

On  the  other  hand,  the  flash  valve  has  several  undesirable  features.  One  of  these 
is  the  inconvenience  encountered  in  “reloading"  the  valve.  Also,  while  using 
this  type  of  impactor  for  ice  fog  studies  at  Fairbanks,  Alaska  (Kumai  and  O'Brien, 
1965),  and  in  whiteout  dispersal  studies  at  Camp  Century,  Greenland  (Hicks,  1965) 
it  was  discovered  that  particles  of  burned  magnesium  ribben  (from  the  flashbulb 
filament)  may  be  deposited  on  the  second  collector  plate  (or  "impinging  disc") 
even  though  the  flashbulb  is  semi-isolated  from  the  path  of  air  intake.  Apparently 
there  is  a  "blow-back"  at  tne  time  of  the  shattering  of  the  bulb.  In  addition,  the 
plunger  was  occasionally  jammed  by  particles  of  broken  glass  from  the  flashbulb, 
necessitating  disassembly  and  cleaning  of  the  vat /e. 

To  eliminate*contamination  of  the  sample  by  particles  of  burned  magnesium 
from  the  flashbulb,  a  revised  model  of  the  impactor  was  designed  which  utilizes 
a  solenoid  valve  for  releasing  the  vacuum  (Fig.  3a).  The  solenoid  valve  is  a 
commercial  type,  chosen  for  its  compactness  and  low  electrical  power  require 
ments.  Before  installation,  the  coils  were  dipped  in  epovy  for  weather-proofing. 

A  mounting  plate  was  designed  for  the  solenoid  valve  and  installed  in  the  valving 
section.  1  he  original  valve  outlet  was  plugged  and  a  hole  drilled  through  the 
mounting  plate  into  the  valve  to  divert  the  direction  of  air  flow  into  the  vacuum 
chamber.  Naturally,  the  brass  diaphragm  containing  the  vacuum  orifice  used  in 
the  flashbulb  units  is  not  necessary  in  solenoid  units  and  has  been  eliminated. 

Several  other  modifications  were  made  in  the  impactors  concurrently  with 
the  installation  of  solenoid  valves.  Fitat,  all  joints  were  fitted  with  O- rings  to 
insure  prevention  of  air  leakage.  Second,  all  threaded  joints  were  standardised 
so  that  they  are  freely  interchangeable.  This  enables  the  use  ?f  any  combination 
and  number  of  impactor  stages  and  vacopiti  chambers.  Third,  the  volume  of  the 
vacuum  chambers  was  changed,  from  1 00  cm*  to  50  cm*  to  allow  greater  flexibility 
of  intake  volumes.  Fourth,  the  needle  valve  was  eliminated  from  the  solenoid 
impactors:  a  special  vacuum  charging  rap  was  designed  to  connect  directly  to 
the  valving  chamber  (Fig.  3b)  and  the  chamber  is  evacuated  through  the  solenoid 
valve.  Finally,  the  shape  of  the  orifice  caps  was  modified  to  improve  the 
smoothness  of  flow  through  the  intake  orifice. 

The  solenoid  valve  provides  cleaner,  more  convenient  operation  than  the  flash 
units,  and  in  laboratory  tests  and  field  research  by  the  authors  at  Point  Barrow, 
Alaska  (Kumai.  1965)  and  by  a  research  group  headed  by  Mr.  J.  R.  Hicks  of 
USA  CRREL  at  Camp  Century,  Greenland  (Bortell  and  Hicks,  in  preparation)  there 
were  no  cases  of  failure  to  operate  or  of  valves  becoming -jammed.  The  chief 
limitation  of  the  solenoid  valves  is  that  approximately  0.35  amp  is  required  for 
each  impactor  (App.  A).  Thus,  for  the  example  previously  cited  (four  impactors 
at  40,  60,  80  and  100  m),  the  solenoid  valves  would  require  approximately  M  volts 
compared  to  less  than  6  volts  for  the  flash  units. 


IMPACTOR  methods 


The  principle  of  operation  of  the  electrically  operated  impactors  is  similar  to 
that  of  impactors  described  by  Kumai  and  Francis  (1964);  their  paper  may  be  con¬ 
sulted  for  a  discussion  of  the  collection  efficiency  of  this  type  of  impactor. 


field  use  of  the  impactors  has  previously  been  discussed  at  seme  length 
(O'Brien  and  Kumai.  1964).  'lerefore,  only  a  brief  summary  of  suggested  pro¬ 
cedures  and  precautions  wtr  .=*  included  here. 


The  most  common  con*, 
with  two  impactor  stages,  o 
Other  combinations  may  be 
may  be  Sufficient  to  draw  in 


ation  of  impactor  elements  is  that  shown  in  Figure  ja, 
valving  section  and  two  50-cm*  vac turn  chambers. 

*ed;  for  example,  in  dense  fog  me  vacuum  chamber 
a  suitable  sample. 
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Fog  droplets  (and  ice  crystals) 
are  usually  collected  in  silicone  oil 
to  prevent  evaporation  (or  sub¬ 
limation).  The  impinging  discs 
consist  of  circular  microscope 
cover  glasses  lOmrn  in  diameter. 

A  glass  disc  is  placed  in  the  recess 
of  each  impinging  plate  holder*  and 
a  drop  of  silicone  oil  of  suitable 
viscosity  is  applied  to  the  surface 
of  each  disc.  The  proper  oil 
viscosity  is  such  that  the  impinging 
droplets  will  be  suspended  in  the 
oil.  Our  laboratory  experiments 
indicate  that  a  viscosity  of  about 
15,000  centistokes  at  ambient 
temperatures  is  suitable  for  drop¬ 
lets  of  fog  size.  The  authors  have 
used  DOW  200  fluid,  which  is 
available  in  several  viscosities 
(Fig.  4). 

The  impactors  have  also  been 
successfully  used  in  the  field  by 
the  authors  (Point  Barrow,  Alaska, 
summer  1964)  to  impinge  fog  drop¬ 
lets  on  chloride-sensitive  gelatin 
film  placed  on  the  impinging  disc 
holders  (Kumai,  1965). 

The  vacuum  used  may  be  any 
pressure  down  to  the  limit  of  the 
pump  available.  However,  experience  has  shown  that  the  best  results  are  likely 
to  be  obtained  by  using  the  vacuums  shown  below  with  the  viscosity  of  oil 
recommended  (about  15,000  cs  at  ambient  temperatures). 

Droplet  diam  (p)  Vacuum  (in.  Hg) 

2-30  28 

10  -  100  14 

100  -  200  7 

Correctness  of  vacuum  utilized  may  be  checked  by  examining  the  sample  under  a 
microscope.  If  the  sample  (droplets  or  crystals)  appears  to  be  "floating"  on  the 
surface  of  the  oil,  the  degree  of  vacuum  should  be  increased.  If  droplets  appear 
to  be  mostly  "flattened"  against  the  glass  disc,  under  the  oil,  ies's  vacuum  is 
necessary.  Ideally,  the  particles  should  be  suspended  in  the  oil. 

In  laboratory  experiments  with  the  impactors,  water  droplets  having  diameters 
from  2  p  to  200  p  were  collected  from  the  mist  formed  by  a  spray  bottle.  Samples 


Figure  4.  Approximate  temperature- vis  - 
cosity  relationship  for  DOW  200  fluid.  For 
example  DOW  200  fluid  rated  at  9000  cs 
gives  a  viscosity  of  15,  000  cs  at  about 
-2C  and  would  probably  be  suitable  for 
collecting  fog  droplets  at  ambient  temper¬ 
atures  between  -10C  and  +10C. 


♦The  impinging  disc  holders  are  normally  pre-set  at  an  accurately  measured  dis¬ 
tance  from  the  intake  aperture  (by  means  of  the  threaded  adjustment  previously 
mentioned)  and  the  collection  efficiency  of  the  impactcr  determined.  The  position 
of  the  disc  holder  should  not  be  changed  thereafter  unless  the  new  position  is 
measured  with  a  depth  micrometer  and  recorded  so  that  the  collection  efficiency 
may  be  redetermined. 
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were  collected  using  impactor  vacuums  of  28  in.  Hg,  14  in.  Hg,  and  7  in.  Hg. 

At  a  vacuum  of  28  in.  Hg  (Fig.  5a)  droplets  smaller  than  70  p  were  collected  and 
suspended  in  the  silicone  oil,  whereas  large  droplets  having  greater  momentum 
penetrated  the  film  of  silicone  oil  and  flattened  in  the  boundary  between  the  glass 
and  the  oil  (indicated  by  the  arrows  in  Figure  5a  and  b).  At  a  vacuum  of  7  in.  Hg 
(Fig.  5c)  droplets  larger  than  70  p  were  suspended  in  the  silicone  oil  due  to  their 
lower  impinging  velocity.  The  collection  efficiency  for  3mall  droplets  was  much 
lower  at  7  in.  Hg  than  at  28  in.  Hg  vacuum  because  their  momentum  was  reduced 
to  such  an  extent  that  they  could  not  penetrate  the  surface  of  the  oil.  Consequently, 
such  droplets  evaporated  rapidly  from  the  surface  of  the  oil. 

The  size  distribution  of  water  droplets  in  100  cm*  of  atmosphere  is  graphically 
illustrated  in  Figure  6.  (These  are  the  same  droplets  shown  in  Figures  5a-c.  ) 

The  diameter  of  maximum  frequency  is  the  same  (10  p)  in  each  of  these  three 
different  collections. 

Samples  of  fog  having  a  small  droplet  size  and  narrow  range  of  diameters, 
such  as  radiation  fog,  would  best  be  collected  using  a  high  vacuum  (Fig.  5a). 
However,  samples  of  fog  having  a  wide  size  range,  such  as  the  marine  fogs  at 
Barrow,  must  be  sampled  using  several  different  pressures,  and  appropriable 
corrections  for  the  collection  efficiency  must  be  applied  for  each  degree  of  vacuum. 

Samples  should  be  recovered  and  photographed  as  soon  as  practical  after  they 
are  obtained,  altnough  droplets  and/or  crystals  properly  impacted  in  oil  will  not 
evaporate  or  sublimate,  nor  will  they  be  absorbed  by  the  silicone  oil.  If  micro¬ 
scopy  is  to  be  done  in  a  sheltered  place,  or  if  outside  with  no  precipitation,  place 
the  disk,  oil  side  up,  on  a  glass  microscope  slide  and  place  on  microscope  stage. 

If  microscopy  is  to  be  done  outside  and  there  is  any  form  of  precipitation,  place  the 
disk  oil  side  down  on  the  glass  slide.  Particular  care  should  be  taken  in  this  case 
in  focusing  the  microscope,  to  identify  each  glass  surface  to  insure  that  one  recog' 
nizes  the  sample. 

For  liquid  water  content  measurements,  it  is  imperative  that  the  entire  sample 
on  each  stage  be  photographed.  This  usually  will  require  that  several  micxoscope 
fields  be  photographed,  sometimes  at  more  than  one  focus  setting. 
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R61-36  A.  Vacuum  gauge  reading  28  in.  Hg.  X  75 


R61-34  B.  Vacuum  gauge  reading  14  in.  Hg.  X  75 


R61-30  C.  Vacuum  gauge  reading  7  in.  Hg.  X  75 

Figure  5.  Water  droplets  collected  in  silicone  oil  of  viscosity  15,000  cs  at 
25C  by  solenoid  valve  impactors  at  different  vacuums. 
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Figure  6.  Size  distribution  of  water  droplets  in  iOO  cm*  of  atmosphere  collected 
by  an  impactor  using  28  in.  Hg,  14  in.  Hg  and  7  in.  Hg  vacuum. 
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APPENDIX  A.  ELECTRICAL  SPECIFICATION  FOR  IMPACTORS 


Wire:  Recommended  wire  is  20  gapge  copper,  Teflon  insulated;  resistance: 

0.009355  ohms/ft. 

Valves  -  Single  operation: 

Flash  valve  Solenoid  valve 

Resistance  1.2?  n  22  Q 

Minimum  current  0.3  amps  0.35  amps 

Multiple  operation:  Multiple  operation  of  the  valves  for  obtaining  simultaneous 
samples  from  several  locations  (i.  e.,  several  altitudes)  is  possible.  Solenoid 
units  should  be  connected  in  SERIES  for  multiple  operation,  whereas  flash  units 
should  be  connected  ONLY  IN  PARALLEL^ 

The  voltage  required  to  operate  multiple  units  will  depend,  of  course,  on  the 
type  and  number  of  impactors,  the  resistance  of  the  wire,  the  distance  from 
batteries  to  impactors,  and,  in  the  case  of  multiple  flash  units  in  parallel,  the 
distance  between  impactors. 

Values  for  both  series  connected  solenoid  units  and  parallel  connected  flash 
units  are  shown  in  Tables  Al  through  AV.  These  tables  assume  that  lead  wire  is 
as  recommended  above. 

Values  for  series  connected  solenoid  valves  for  other  combinations  of  impactors 
may  be  computed  using  the  simple  circuit  diagram: 


b,  b,  b,  0n 

Wl - In 


where  Ess  is  the  minimum  voltage  required  for  solenoids  in  series,  Rsa  is  the 
total  resistance  of  the  leads  of  the  solenoids  in  series,  n(b)  is  the  total  resistance 
of  n  solenoid  impactors  (bg  +  bt  +  bs  +  +  bn),  and  i  is  the  minimum  required 

current. 


E„  =  i  <R„  .  „b> 

Values  for  parallel  connected  flash  valves  are  a  little  more  complex.  As  each 
unit  flashes,  it  opens  its  branch  of  the  circuit,  which  requires  a  recalculation  of 
circuit  parameters.  The  voltage  required  to  fire  all  impactors  depends  upon  the 
battery -to*first-impactor  distance  (D)  and  upon  the  distance  between  impactors  (d) 
(see  Fig.  Al).  A  four-impactor  circuit  is  shown  below. 


V 
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0.  S  amps 


b2  =  b,  =  b4  =  1.27 


V  =  iub  =  0.381  volts 
cc  b 


r  +  R. 


.381  (3b 2  +  4rb  +  rl) 
b*  +  6rb2  +  5r*b  +  rJ 


E4  =  V  +  R4  (iK  +  i  )  =  0.381  + 
*  cc  ^  '  b  c' 


H.  /  0.  3  +  0-3BI  H  4  l.?4r  3  K8s\ 
\  r>  *  6.  35r*  +  9.  69r  t  2.  05/ 


where  Epj  is  the  battery  voltage  in  the  parallel  flash  unit  circuit  and  E(n)  is  the 
value  offcpf  which  is  required  to  fire  the  first  of  a  series  of  n  impactors. 

b4,  b3,  b2  and  bj  represent  the  resistance  of  four  individual  impactor  valves. 

Rj  is  resistance  of  leads  (of  length  D)  to  lowest  impactor  (no.  4)  or  "resistance 
to  base  altitude"  (Fig.  A,). 

r  is  resistance  of  leads  (of  length  d)  between  impactors  (impactors  equidistant 
from  each  other). 

After  b4  has  flashed,  a  three-impactor  circuit  is  present: 


0.381  + 


r,  (0.3  ♦  °-’68,(M8"-  'l 

\  1.615  *  3.82r  *  r2  / 


where  Rj  -  resistance  of  leads  from  battery  to  first  unfired  impactor  remaining  in 
the  sequence  (or  Rj  -  R4  +  r). 

After  b4  and  b,have  flashed,  a  two-impactor  circuit  is  present,  and 


E4  0.381  * 


where  R4  now  equals  the  resistance  from  batteries  to  first  unfired  impactor 
(or  R2  -  Rj  ♦  r  R,  ♦  2r)  and  finally,  after  b<t  bj  and  b.  have  fired 

E,  0.  381  ♦  0,  3  R, 

where  K(  equals  the  resistance  of  leads  from  batteries  to  remaining  impactors 
(or  R,  R,  ♦  r  R,  ♦  Ir  R,  ♦  3r). 


k 

0 


tfe.  ' 
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Figure  Al.  Illustration  of  the  distance 
parameters  involved  in  calculating  volt¬ 
ages  for  operating  impactors  from  a 
moored  balloon  (blimp). 


H  =  base  altitude 

h  =  inter -impactor  height 

D  =  battery-to-first-impactor 
distance  =  H  esc  6 

d  =  inter -impactor  distance  * 
h  esc  9 

♦The  battery  is  usually  placed  on 
the  ground  (or  reel  base)  under  the 
tethering  line  so  that  D  extends 
essentially  directly  to  the  ground. 


E4,  Ej,  Ej  and  Et  can  be  used  to  determine  the  voltage  required  to  fire  the 
first  of  4,  3,  2  or  1  impactors  in  parallel.  In  each  case,  however,  in  calculating 
minimum  required  voltages  for  a  given  number  of  impactors,  calculations  must 
also  be  made  for  each  successive  stage  as  impactors  cut  out  of  the  circuit,  i.e. , 
in  the  example  given,  E4,  Ej,  Ea  and  Ej  must  be  compared  and  the  largest  value 
of  voltage  will  be  the  minimum  voltage  required  to  fire  the  entire  sequence  of 
impactors.  This  is  necessary  because,  as  the  distance  between  impactors 
increases  with  respect  to  the  base  distance,  the  division  of  current  between  impactors 
shifts  with  sequential  firing  so  that  the  maximum  voltage  may  be  required  during 
firing  of  an  intermediate  impactor  instead  of  being  determined  by  either  the  initial 
or  final  firing  conditions. 
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Table  Al.  Minimum  voltages,  solenoid  units  in  SERIES. 
Base  distance  D  and  ihter-impactor  distance  d  in  feet 
or  in  meters  as  specified 


No. 

of  solenoid 

units  (n) 

1 

2 

3 

4 

volts 

volts 

volts 

volts 

0 

7.  7 

15.4 

23.  1 

30.8 

5m 

7.8 

15.  5 

23.2 

30.9 

1  Om 

7.9 

15.6 

23.3 

31.0 

50' 

8.  0 

15.  7 

23.  4 

31.1 

20m 

8.  1 

15.  8 

23.  5 

31.2 

30m 

8.  3 

16.  0 

23.7 

31.4 

100* 

8.4 

16.  1 

23.8 

31.5 

40m 

8.  5 

16.2 

23.  9 

31.6 

150* 

8.7 

16.4 

24.  1 

31.8 

50m 

8.  8 

16.  5 

24.  2 

31.9 

200* 

9.  0 

16.  7 

24.4 

32.  1 

1  OOin 

9.  1 

16.8 

24.  5 

32.2 

150m 

10.9 

18.  6 

26.  3 

34.  0 

500* 

11.0 

18.  7 

26.4 

34.  1 

200m 

12.  0 

19.  7 

27.4 

35.  1 

1000' 

14.  3 

22.  0 

29.  7 

37.4 

1500' 

.  17.  5 

25.2 

32.9 

40.  6 

2000' 

20.8 

28.  5 

36.2 

43.9 

Table  All.  Minimum  voltages,  single  flash  unit.  Base 
distance  D  in  feet  or  in  meters  as  specified. 


d  -  o 


0 

0.  38 

10' 

0.  4  1 

1  0m 

0.  56 

too* 

0.94 

50m 

1.3 

20U* 

1.5 

100m 

2.2 

1  50m 

3.  1 

500' 

3.2 

200m 

4.  1 

750* 

4.  6 

1000' 

6.  0 

1250* 

7.4 

1  300* 

8.8 

1750* 

10,2 

2000* 

1  i.  6 
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Table  AU1.  Minimum  voltage*,  two  ila*h  unit*  in  PARALLEL.  Baae  diatance  D  and  inter-impactor  diitanc*  d  la  feet 

unle**  meter*  i*  *p*eifl*d. 


d 

0 

1m 

5 

2m 

10 

15 

5m 

20 

25 

30 

10m  40 

50 

20m 

75 

100 

200 

500 

1000 

O 

0 

6.0 

zoo 

100m 

4.1 

LESS  THAN  6.0  VOLTS 

7*  I 
7.8 

150m 

6.0 

5.9 

8.8 

>00 

6.0 

5.0 

5.6 

5.7 

5.6 

5.5 

5.4 

5.2 

5. 1 

5.1 

4.9  4.6 

4.6 

6.1 

8.6 

ZOOm 

7.7 

7.6 

7.5 

7.) 

7.  1 

7.0 

6.9 

6.7 

6.6 

6.5 

6.3  6.2 

6.0 

5.8 

5.6 

6.9 

9.7 

750 

o.a 

6.6 

8.6 

0.6 

6.) 

8.0 

6.0 

7.9 

7.7 

7.5 

7.4  7.2 

7.0 

6.8 

6.6 

6.  3 

5.7 

7.4 

10.2 

1000 

11.6 

11.4 

11.) 

11.1 

10.9 

10.6 

10.5 

10.4 

10.1 

9.9 

9.8  9.5 

9.2 

6.9 

8.7 

6.) 

7.4 

8.8 

11.6 

IZS0 

14.4 

14.1 

14.0 

1).  8 

1).  5 

13.1 

D.O 

12.9 

12.5 

12.3 

82.1  11.6 

11.4 

11.0 

10.6 

10.) 

9.1 

10.2 

13.0 

1500 

17.2 

16.9 

16.7 

16.4 

16.1 

15.7 

15.5 

15.4 

14.9 

14.6 

14.5  14.0 

13.6 

13.1 

12.6 

12.2 

10.9 

11.6 

14.4 

.750 

20.0 

19.6 

19.5 

19.1 

16.8 

18.2 

18.1 

IT.  9 

17.4 

17.0 

16.6  16.3 

15.6 

15.) 

14.9 

14.2 

12.6 

13.0 

15.6 

Z0OO 

22.0 

22.4 

22.2 

21.8 

21.4 

20.8 

20.6 

20.4 

19.8 

19.4 

19.2  18.6 

16.0 

17.4 

17.0 

16.2 

14.4 

14.4 

17.2 

Table  AlV.  Minimum  voltage*,  two  fla*h  unit*  in  Pin  LEL.  Base  diatance  D  and  inler-impactor  diatance  d  in  feet 

unleae  meter*  i*  apecified. 


d 

0 

lm 

5 

2m 

10 

15 

Svn 

20 

25 

30 

10m 

40 

50 

20m 

75 

100 

200 

SOO 

1000 

D 

0 

200 

LESS 

THAN  6.0 

VOLTS 

6.0 

7.1 

11.6 

12.7 

100m 

5.9 

5.4 

5.4 

5.2 

4.9 

4.6 

4.5 

4.4 

4.1 

7.8 

13.4 

150m 

8.6 

7.9 

7.9 

7.6 

7,1 

*>.7 

6.5 

6.4 

6.0 

8.6 

14.0 

500 

8.7 

8.0 

6.0 

7.7 

7.2 

6.8 

6.6 

6.5 

6.1 

5.9 

5.7 

5.5 

5.2 

5.2 

5.2 

5.1 

5.4 

8.6 

14.4 

200m 

11.) 

10.4 

10.4 

10.0 

8.4 

6.8 

8.6 

8.4 

7.9 

7.6 

7.4 

7.1 

6.7 

6.5 

6.5 

6.4 

6.4 

9.7 

15.) 

750 

12.9 

11.9 

11.8 

11.4 

10.7 

10.1 

9.8 

9.5 

6.9 

8.6 

8.4 

8.0 

7.7 

7.) 

7.2 

7.1 

7.0 

10.2 

15.8 

1000 

17.1 

15.7 

15.6 

15.1 

14.1 

D.) 

12.9 

12.6 

11.8 

11.4 

11.1 

10.6 

10.1 

9.5 

9.) 

9.1 

8.8 

11.6 

17.2 

1250 

21.) 

19.5 

19.4 

18.8 

i7.S 

16.5 

16.0 

15.6 

14.6 

13.8 

11.6  1).  1 

12.5 

11.6 

11.4 

11.0 

10.5 

D.O 

16.6 

1500 

25.4 

2).) 

2).  2 

22.4 

20.9 

19.7 

19.1 

18.7 

17.5 

I6L9 

16.4  15.7 

14.9 

14.0 

13. 5 

D.O 

12.) 

14.4 

20.0 

1750 

29.6 

27.2 

27.0 

26.1 

24.4 

2).  0 

22.) 

22.2 

20.) 

19.6 

19.1 

18.2 

17.4 

16.) 

15.6 

15.0 

14.0 

15.8 

21.4 

2000 

)).  6 

)1.0 

>0.8 

29.6 

27.8 

26.2 

25.4 

24.8 

2).  2 

22.4 

21.8  20.8 

19.6 

18.6 

17.8 

17.0 

15.6 

17.2 

22.8 

Table  AV.  Minimum  voltage*,  tour  flaah  unit*  in  PARALLEL.  Base  diatance  0  and  laternmpactor  diatance  d  in  feel 

uni***  meter*  I*  *  pec  tiled. 


d 

0 

lm 

5 

2m 

10 

15 

5«n 

20 

25 

M 

10m  40 

50 

20m 

75 

160 

200 

500 

1000 

D 

0 

LESS  THAN  4.0  VOLTS 

6.6 

17.2 

200 

4.3 

4.9 

4,5 

4. 1 

4. 1 

>.9 

9.9 

16.) 

100m 

7.6 

7.6 

7.  1 

6.8 

6.5 

6.2 

5.5 

5.5 

4.6 

4.5 

4.5  4.2 

5.6 

16.6 

19.1 

153m 

11.5 

11.5 

10.5 

10.0 

9.5 

9.0 

8.1 

6,1 

7.1 

6.4 

6.6  4.1 

6.0 

6.  7 

11.6 

20.0 

500 

11.7 

11.  7 

10.7 

10.2 

9.7 

9.2 

6.2 

6.2 

7.2 

6.  7 

6,7  4.2 

5.7 

5.7 

5.6 

6.1 

6,4 

(1.6 

20.0 

200m 

15.2 

15.2 

1  >.  9 

1).  I 

12.6 

11.9 

10.6 

10.6 

9.) 

6.4 

6.6  6.0 

7.) 

7.1 

7.2 

7.3 

7.9 

12.5 

20.9 

750 

17.  ) 

17.  ) 

15.8 

15.1 

14.) 

D.6 

12.1 

12.1 

10.6 

9.6 

9.6  9.1 

6.) 

7.9 

7.9 

6,1 

6.5 

13,6 

21,4 

1600 

22.9 

22.9 

21.0 

20.0 

16.6 

16.0 

16.0 

16.0 

14.0 

D.6 

D.O  12.0 

It  0 

10.0 

10.0 

10. 1 

16.) 

14.4 

22.6 

1250 

26.6 

26.6 

25.6 

24.9 

21.6 

22.6 

20.0 

26.0 

17.4 

16.1 

16,1  14.9 

D.O 

12.4 

12.4 

U.i 

12.1 

15.6 

24.2 

1500 

M.  ) 

14.  » 

>1.) 

29.6 

26.  ) 

24.6 

23.6 

23.6 

20.6 

19.) 

19.1  17.6 

16.) 

14.6 

14.6 

14.2 

D.6 

17.2 

25.6 

1750 

19.9 

19.9 

>4.4 

>4.7 

>2.6 

11.2 

27.7 

27.7 

24.2 

22.4 

22. 4  20. > 

16.9 

17.2 

17.2 

16.2 

15.6 

16.6 

27.6 

2000 

45.6 

45.6  41.6 

>9.6 

>7.6 

>5.6 

31.6 

>1.6 

27.6 

25.6 

25.6  23.4 

21.6 

19.6 

19.6 

16.2 

17.4 

20.0 

26.4 
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